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According to an embodiment of the invention, a method and 
apparatus for signal modulation are described. According to 
an embodiment of the invention, a method comprises pro 
ducing and transferring a modulated signal. The modulation 
of the signal is over a plurality of amplitude levels, including 
at least a ?rst amplitude level, a second amplitude level and 
a third amplitude level, and over a plurality of time slots, 
including at least a ?rst time slot, a second time slot, and a 
third time slot. The modulated signal transitions from the 
?rst amplitude level to the second amplitude level in the ?rst 
phase slot, remains at the second amplitude level in the 
second time slot, and transitions from the second amplitude 
level to the third amplitude level in a third time slot. 
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SIGNAL MODULATION 

FIELD 

[0001] An embodiment of the invention relates to signal 
ing in general, and more speci?cally to signal modulation. 

BACKGROUND 

[0002] In signal operations, numerous different modula 
tion methods may be implemented. In certain cases, a 
modulation scheme may provide modulation in Which a 
change of a signal in a ?rst modulation mode does not affect 
or does not greatly affect the signal in a second modulation 
mode. Such a signal may be described as being orthogonal. 
For example, a signal may be modulated such that both the 
phase and amplitude of the signal are modulated, the signal 
amplitude being a ?rst modulation mode and the signal 
phase being a second modulation mode. 

[0003] HoWever, conventional modulation of signals does 
not utiliZe all possible signal combinations. For example, the 
symbols utiliZed in modulation of a signal in amplitude and 
phase generally is limited to a single amplitude transition. 
For this reason, the amount of information that may be 
contained in such a modulated signal is limited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The invention may be best understood by referring 
to the following description and accompanying draWings 
that are used to illustrate embodiments of the invention. In 
the draWings: 

[0005] FIG. 1 illustrates an embodiment of signal trans 
mission or transfer betWeen a ?rst agent and a second agent; 

[0006] FIG. 2 is an illustration of certain symbols for a 
modulation scheme; 

[0007] FIG. 3 illustrates certain symbols that may be 
generated in an embodiment of a modulation scheme; 

[0008] FIG. 4 illustrates additional symbols that may be 
generated in an embodiment of a modulation scheme; 

[0009] FIG. 5 illustrates certain symbols for an embodi 
ment of a modulation scheme that includes staircase modu 

lation; 
[0010] FIG. 6 illustrates additional symbols for an 
embodiment of a modulation scheme that includes staircase 

modulation; 
[0011] FIG. 7 is a diagram illustrating an embodiment of 
signal generation; 
[0012] FIG. 8 is a diagram illustrating an embodiment of 
signal generation for a modulation scheme that includes 
staircase modulation; 

[0013] FIG. 9 is a diagram illustrating an embodiment of 
a device for producing modulated signals; and 

[0014] FIG. 10 is an illustration of an embodiment of a 
computer environment. 

DETAILED DESCRIPTION 

[0015] Amethod and apparatus are described for orthogo 
nal signal modulation. 
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[0016] Before describing an exemplary environment in 
Which various embodiments of the present invention may be 
implemented, some terms that Will be used throughout this 
application Will brie?y be de?ned: 

[0017] As used herein, “orthogonal” describes a signal is 
modulated in a multiple modes and the modulation modes 
are largely mutually independent. The term indicates that a 
change in a ?rst modulation mode has no effect or a limited 
effect on a second modulation mode. Among others 
examples, the term includes the modulation of a signal in 
amplitude and phase. 

[0018] As used herein, “modulation” means a process by 
Which an information signal is used to modify a character 
istic of another signal. Stated in an alternative manner, 
modulation is a process by Which signal characteristics are 
transformed to represent information or data. 

[0019] According to an embodiment of the invention, 
symbols that may be utiliZed in a modulation scheme are 
expanded to include additional usable symbols. Under a 
particular embodiment of the invention, the modulation of a 
signal includes modulation in a staircase manner. 

[0020] According to an embodiment of the invention, 
usable symbols included in the spectrum of states provided 
by orthogonal modulation schemes are expanded. For 
example, a particular modulation scheme may include a 
plurality of differentiable voltage states and a plurality of 
differentiable phase states or time slots. A conventional 
modulation scheme Will utiliZe only a limited number of 
such states. In the general case, in Which there are x states 
in one modulation dimension and y states in another modu 
lation dimension, the number of possible states is equal to 
xy—1 possible states. In the particular example of 3 differ 
entiable voltage states and 4 differentiable phase states, the 
total number of available differentiable states is (34-1) or 80 
possible states. Under an embodiment of the invention, 
additional states are used in a modulation scheme to carry 
extra information. The additional states may be limited to 
states that do not create circuit or channel dif?culties. 

[0021] If a modulation scheme is orthogonal, a bit of 
modulation may be added in a ?rst dimension Without 
directly impacting a second dimension. A bit may be 
encoded as a pair of differentiable states, and thus adding a 
bit to a modulation system therefore doubles the number of 
required differentiable states. For example 1 bit requires 2 
states, 2 bits require 4 states, and continuing in this manner. 
As additional bits are added, the number of differentiable 
states groWs exponentially. Using orthogonal modulation 
may lessen the effect of the exponential increase by encod 
ing bits along multiple exponentials Without proceeding too 
far With each exponential. For example, 1 bit of amplitude 
modulation requires 2 differentiable voltage states (plus an 
initial third state to provide a voltage transition). 

[0022] It is possible to add another bit to a modulation 
scheme by doubling the number of differentiable voltage 
states. HoWever, this result may also be obtained by retain 
ing the same number of voltage states but adding a bit of 
phase modulation. The advantage of the latter process is that 
the resulting system Will not require a more sensitive voltage 
receiver and Will not need to operate With a loWer signal to 
noise ratio that Would result from the smaller transitions 
betWeen amplitude states. For simplicity the examples 
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shown in this application show orthogonal modulation that 
utilizes only signal amplitude and signal phase, but embodi 
ments of the invention are not limited this particular imple 
mentation. 

[0023] FIG. 1 illustrates an embodiment of a system in 
Which modulated signals are transmitted or transferred 
betWeen tWo agents. In this system, a ?rst agent 105 and a 
second agent 110 transfer signals. The agents may be any 
devices or components that transmit and receive signals. 
According to one embodiment, the signals are transmitted 
over a communication channel 115. According to another 
embodiment, the signals are transferred via a bus. The 
channel may use any medium, and the channel may be 
unidirectional or bi-directional. The transmitted signals 120 
are modulated using some scheme to encode the signals. The 
modulation scheme for the signals 120 may include orthogo 
nal modulation, such as modulation of a signal in amplitude 
and phase. 

[0024] FIG. 2 is an illustration of certain symbols for a 
modulation scheme. In this scheme, an orthogonal signal is 
encoded by a transition betWeen different amplitudes. In 
addition, the signal is encoded by transition in one of a 
plurality of different phases. Further, the same encoding is 
provided for a leading edge of a signal and a trailing edge of 
the signal, thereby multiplying the number of possible 
signals. 
[0025] In FIG. 2, the leading edge modulation 205 and 
trailing edge modulation 210 are shoWn. In the leading edge 
modulation 205, there is either a transition to a ?rst ampli 
tude 235 (shoWn as a “half amplitude”) or a transition to a 
second amplitude 225 (shoWn as a “full amplitude”). In this 
eXample, the second amplitude 235 is tWice the amplitude of 
the ?rst amplitude 225, but any number of differentiable 
amplitude and any numerical relationship betWeen the 
amplitudes may be present in an embodiment of the inven 
tion. The leading edge modulation 205 includes four pos 
sible phase positions 215, indicated as phase position 0, 
phase position 1, phase position 2, and phase position 3. 
While the illustration includes four phase positions, an 
embodiment of the invention may include any number of 
phase positions. 

[0026] In this example, the trailing edge modulation 210 
includes transition from a ?rst amplitude 240 and transition 
from a second amplitude 230. Further, the trailing edge 
modulation provides for transition in one of four different 
phase positions 220, phase position 0, phase position 1, 
phase position 2, and phase position 3. In this particular 
eXample, the amplitude levels of the leading edge modula 
tion 205 are required to match the amplitude levels of the 
trailing edge modulation 220. Although the leading edge 
phase positions 215 for the leading edge modulation 205 
match the phase positions 220 of the trailing edge modula 
tion 210, this is not required for every embodiment of the 
invention. 

[0027] FIG. 2 thus demonstrates 1 bit of amplitude modu 
lation on the leading edge, 2 bits of phase modulation on the 
leading edge, and 2 bits of phase modulation on the trailing 
edge. In this eXample the trailing edge alWays returns to the 
initial amplitude (such as Zero) and thus carries no additional 
information. While this is one example, an embodiment of 
the invention may include any number of differentiable 
amplitudes and phase positions. Matching the four possible 
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transitions for the ?rst amplitude level 235 for the leading 
edge modulation 205 With the four possible transitions for 
the ?rst amplitude level 240 for the trailing edge modulation 
210 provides siXteen possible states. Matching the four 
possible transitions for the second amplitude level 225 for 
the leading edge modulation 205 With the four possible 
transitions for the second amplitude level 230 for the trailing 
edge modulation 210 provides siXteen additional states. The 
total number of states thus is 32, providing suf?cient differ 
entiable states to encode ?ve bits of information (25 =32). 

[0028] HoWever, the states shoWn in FIG. 2 do not include 
all possible states for the chosen modulation scheme. Addi 
tional states may also be shoWn. For eXample, FIG. 3 
contains the same transitions shoWn in FIG. 2, With the 
symbols 305 including transition to a ?rst amplitude level 
320 (shoWn as a “half amplitude”) and transitions to a 
second amplitude level 310 (shoWn as a “full amplitude”), 
and four possible phase positions 310. While the symbols 
shoWn in the embodiments of FIG. 3 and FIG. 4 illustrate 
leading edge modulation, trailing edge modulation may be 
formed in the same manner. In FIG. 3, there are four 
combinations that transition to the ?rst amplitude level 320 
and four combinations that transition to the second ampli 
tude level 315. In each symbol shoWn in FIG. 3 there is a 
single transition to an amplitude level, With the transition 
occurring in one phase period. 

[0029] HoWever, FIG. 4 illustrates additional symbols that 
may be generated in an embodiment of a modulation 
scheme. For the illustrated symbols 405, there are again four 
possible phase positions 410. In a ?rst set of modulation 
states, a staircase modulation 415 is provided in Which a 
transition is made from the initial amplitude level to the ?rst 
amplitude level in a ?rst phase and a transition from the ?rst 
amplitude level to the second amplitude level in another 
phase, With at least one intervening phase betWeen the 
transitions in Which the amplitude is unchanged. For 
eXample, symbol 9 provides for a transition from the initial 
amplitude to the ?rst amplitude level in phase position 0, 
maintenance of the ?rst amplitude level in phase position 1, 
a transition from the ?rst amplitude level to the second 
amplitude level in phase position 2, and maintenance of the 
second amplitude level in phase position 3. Symbol 10 for 
provides for a transition from the initial amplitude to the ?rst 
amplitude level in phase position 0, maintenance of the ?rst 
amplitude level in phase positions 1 and 2, and a transition 
from the ?rst amplitude level to the second amplitude level 
in phase position 3. Symbol 11 provides for maintenance of 
the initial amplitude level in phase position 0, a transition 
from the initial amplitude to the ?rst amplitude level in 
phase position 1, maintenance of the ?rst amplitude level in 
phase position 2, and a transition from the ?rst amplitude 
level to the second amplitude level in phase position 3. 

[0030] Asecond set of possible symbols utiliZing staircase 
modulation 420 is also possible in an embodiment of the 
invention. HoWever, such symbols do not provide an inter 
vening period in Which the amplitude is unchanged. As 
shoWn in FIG. 4, symbol 12 provides for a transition from 
the initial amplitude to the ?rst amplitude level in phase 
position 0 and a transition from the ?rst amplitude level to 
the second amplitude level in phase position 1. Similarly, 
symbol 13 provides for a transition from the initial ampli 
tude to the ?rst amplitude level in phase position 1 and a 
transition from the ?rst amplitude level to the second 
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amplitude level in phase position 2, and symbol 14 provides 
for a transition from the initial amplitude to the ?rst ampli 
tude level in phase position 2 and a transition from the ?rst 
amplitude level to the second amplitude level in phase 
position 3. 

[0031] There are additional signal possibilities 430 under 
embodiments that do not folloW the same modulation pat 
terns as the prior examples. For example, symbol 15 pro 
vides for a transition from the initial amplitude to the ?rst 
amplitude level in phase position 0 and a transition back 
from the ?rst amplitude level to the initial amplitude level in 
phase position 1. Symbol 16 provides for a transition from 
the initial amplitude to the ?rst amplitude level in phase 
position 0, maintenance of the ?rst amplitude in phase 
position 1, and a transition back from the ?rst amplitude 
level to the initial amplitude level in phase position 2. 
Symbols 17 and 18 provide additional examples, and there 
are other possibilities that may be provided. 

[0032] Generally, if the circuitry to differentiate 3 voltage 
levels (1 bit or 2 states) and the circuitry to differentiate 4 
phase slots has been constructed, then the circuitry required 
to differentiate 2 voltage levels in each of the 4 phase slots 
is largely in place. Therefore, it is possible that any of the 
states shoWn in FIGS. 3 and 4 may be differentiated by a 
receiver With the same or similar circuitry and tolerances as 
used to receive the states illustrated in FIG. 2. 

[0033] HoWever, not all Waveforms have the same fre 
quency content. The modulation of the states shoWn in FIG. 
2 may be accomplished in the loW frequency, pass band of 
a channel. The phase slots for a channel may be much 
narroWer than the minimum pulse Width for the channel. If 
a signal transitions from a reference voltage level to a neW 
voltage level and then back to the reference level in the time 
domain of a phase slot, information is encoded at a much 
higher frequency than the pulse Width base band. This is true 
of Waveforms such as symbols 15-18 of FIG. 4. HoWever, 
if decomposed, the frequency content of symbols 9-11 and 
12-14 of FIG. 4, representing staircase modulation, is rela 
tively loW. The transitions for such symbols are monotonic 
(alWays increasing or decreasing) and thus the Waveform is 
similar to a sloWly rising transition. The frequency content 
of a symbol may be estimated to relative to 0.2/T rise, With 
the symbols 9-11 and 12-14 of FIG. 4 having relatively long 
rise times. 

[0034] Another issue regards inter-symbol interference 
(ISI). Not all signals have the same immunity to inter 
symbol interference (ISI). Symbols 1-4 and 5-7 of FIG. 3 
have only a single transition folloWed by a relatively long 
pulse Width. This length of time alloWs ringing caused by the 
?rst transition to die doWn before another transition occurs 
or is eXpected. In contrast, symbols 12-14 of FIG. 4 have a 
?rst transition folloWed immediately by a second transition. 
This also true of symbol 15 and 18. The closely spaced 
transitions may introduce inter-symbol interference from the 
?rst transition onto the second transition. HoWever, symbols 
9-11 of FIG. 4 have at least one phase slot betWeen 
transitions, Which may lessen the level of ISI. 

[0035] FIGS. 5 and 6 illustrate signal modulation accord 
ing to an embodiment of the invention that includes the use 
of staircase modulation, such as the staircase modulation 
415 illustrated in FIG. 4. The modulation scheme provides 
for 11 different symbols for the leading edge and 11 different 
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symbols for the trailing edge. In this eXample, modulation of 
the leading edge 505 and the trailing edge 510 are shoWn. 
The eXample provides for four possible phase positions for 
the leading edge 515 and four possible phase positions for 
the trailing edge 520, although it is not necessary for the 
leading edge phase positions and the trailing edge phase 
positions to be equal in number in all embodiments of the 
invention. There are tWo signal amplitudes (plus a third 
initial signal amplitude), With the ?rst, smaller signal ampli 
tude shoWn in FIG. 6 and the second, larger signal ampli 
tude shoWn in FIG. 5. In this illustration, the ?rst amplitude 
provides a half amplitude signal and the second amplitude 
provides a full amplitude signal. In FIG. 5, symbols reach 
ing the second amplitude for the leading edge 525 and 
symbols beginning at the second amplitude for the trailing 
edge 530 are illustrated. Leading edge symbols 1 through 4 
illustrate signals that transition from the initial amplitude to 
the second amplitude in a single phase period, While trailing 
edge symbols 1 through 4 illustrate signals that transition 
from the second amplitude to the initial amplitude in a single 
phase period. Leading edge symbols 5 through 7 illustrate 
staircase modulated signals in Which a signal transitions 
from the initial amplitude to the ?rst amplitude in a ?rst 
phase period, maintains the ?rst amplitude for one or more 
phase periods, including a second phase period, and transi 
tions from the ?rst amplitude to the second amplitude in a 
third phase period. Trailing edge symbols 5 through 7 
illustrate counterpart signals for transitions from the second 
amplitude to the ?rst amplitude and to the initial amplitude. 
Because of each of the leading edge symbols 505 concludes 
at the second amplitude and each of the trailing edge 
symbols 510 commences at the second amplitude, any of the 
leading edge symbols shoWn in FIG. 5 may be matched With 
any the trailing edge symbols in this ?gure. Such combina 
tions provide 7><7=49 modulation states. 

[0036] In addition, FIG. 6 illustrates additional states 
possible for the embodiment. Symbols are illustrated for 
leading edge 605 and trailing edge 610. There are four 
possible phase positions for the leading edge 615 and the 
trailing edge 620. The illustrated leading edge symbols 
conclude at a ?rst amplitude 625 and the trailing edge 
symbols commence at the ?rst amplitude 630. Any of the 
illustrated leading edge symbols, symbols 8 through 11, thus 
may be matched With any of the illustrated trailing edge 
symbols, signals 8 through 11. The number of modulation 
states shoWn in FIG. 6 thus is 4><4=16. The total number of 
modulation states for the modulation scheme provided in the 
illustrated embodiment of the invention thus is 49+16=65 
states. The total number of states is suf?cient to encode 6 bits 
of information, Which requires 64 states (26=64). Therefore, 
by including the staircase modulation symbols, the modu 
lation scheme may be used to encode an additional bit of 
information, 6 bits as opposed to 5 bits. 

[0037] The modulation scheme illustrated in FIGS. 5 and 
6 may provide a higher bandWidth for a given set of jitter and 
voltage tolerances, as compared to conventional modulation 
techniques. Such higher bandWidth may be provided Without 
requiring signi?cant additional effort for signal differentia 
tion. Further, the increase in bandWidth may provide higher 
system performance in many different environments. 

[0038] FIG. 7 is a diagram illustrating an embodiment of 
a signal modulation operation. As illustrated in FIG. 7, a 
signal is modulated With tWo voltage levels (plus a third 
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initial voltage level) and four phase positions. In this 
example, the system 705 chooses a phase for the signal 
modulation. The block diagram shoWs a multiplexer 710, 
although this physical device and the other physical devices 
shoWn in FIG. 7 may not be used in an embodiment of the 
invention. The multiplexer 710 receives a phase selection 
signal 720, Which Would comprise 2 bits for the four phase 
positions. A signal for the chosen phase signal is then 
provided to a clock input of a ?rst logic device 725 and a 
second logic device 730. When the devices are clocked the 
signal representing the phase, either a signal for a ?rst 
amplitude, shoWn as V1735, or a signal for a second 
amplitude, shoWn as V2740, is directed to a signal generator 
745 that generates a signal With the chosen modulation. The 
modulated signal then is transferred over a communication 
channel 750 to another component or device. The modula 
tion of the trailing edge may be encoded similarly, With the 
phase choice signal 720 then representing the phase position 
to provide a transition to the initial signal amplitude. The 
illustrated embodiment provides for only a single transition 
to either a ?rst signal amplitude or a second signal ampli 
tude, and thus is not suf?cient for a modulation scheme that 
includes staircase modulation. 

[0039] FIG. 8 illustrates an embodiment of signal modu 
lation operation that includes staircase modulation. In this 
example, a ?rst multiplexer 810 chooses a phase position for 
a transition to a ?rst amplitude and a second multiplexer 815 
chooses a phase position for a transition to a second ampli 
tude. The ?rst multiplexer 810 receives a ?rst phase selec 
tion signal to choose from the phase inputs 820. The second 
multiplexer 815 receives a second phase selection signal to 
choose from the phase inputs 820. In the case of a single 
transition in a symbol, only one of the multiplexers Will be 
activated. In the case of a staircase modulation, both mul 
tiplexers Will be activated. The ?rst multiplexer 810 pro 
vides a clock input to a ?rst logic device 840, Which receives 
a ?rst amplitude signal V1850. The second multiplexer 810 
provides a clock input to a second logic device 840, Which 
receives a second amplitude signal V2855. The outputs of 
the ?rst logic device 840 and the second logic device 840 are 
provided to a signal generator 860, Which generates a 
modulated signal to be transferred over a communication 
channel 865. Because of the multiple phase selections, the 
system illustrated in FIG. 8 can produce staircase modula 
tion. 

[0040] FIG. 9 illustrates an embodiment of a unit to 
generate a modulated signal. The illustration provided is a 
functional block diagram to illustrate the signal modulation 
operation, but a modulated signal may be generated by any 
knoWn method, circuit, or device. In this illustration, a 
generator unit 905 receives tWo inputs, a signal for a ?rst 
amplitude V1910 and a signal for a second amplitude 
V2915. Functionally, the signals, hoW shoWn as V1920 and 
V2930, control tWo sWitches. An active V1920 activates a 
?rst sWitch 950, Which provides a path from current from a 
?rst current source 935 through a load 945, shoWn as a 
SO-ohm resistor. The ?rst current times the load resistance 
then provides a voltage drop equal to the ?rst signal ampli 
tude. An active V2920 activates a second sWitch 955, Which 
provides a path from current from a second current source 
935 through the load 945, With the second current times the 
load resistance equaling the second signal amplitude. In an 
alternative embodiment, a ?rst signal turns on a ?rst sWitch 
and a second signal turns on both sWitches, With the same 
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signal modulation being provided. The modulated signal is 
then provided to the output 950. 

[0041] Techniques described here may be used in many 
different environments. FIG. 10 is block diagram of an 
exemplary computer that may be used in conjunction With 
an embodiment of the invention. Under an embodiment of 
the invention, the computer may comprise an embedded 
system or other special purpose computer. An embedded 
system or other special purpose computer may operate 
Without certain of the components and features described 
herein. An embodiment of the invention may be utiliZed for 
the transfer of signals betWeen components or devices in the 
exemplary computer. 

[0042] Under an embodiment of the invention, a computer 
1000 comprises a bus 1005 or other communication means 
for communicating information, and a processing means 
such as one or more processors 1010 (shoWn as 1011, 1012 
and continuing through 1013) coupled With the ?rst bus 
1005 for processing information. 

[0043] The computer 1000 further comprises a random 
access memory (RAM) or other dynamic storage device as 
a main memory 1015 for storing information and instruc 
tions to be executed by the processors 1010. Main memory 
1015 also may be used for storing temporary variables or 
other intermediate information during execution of instruc 
tions by the processors 1010. The computer 1000 also may 
comprise a read only memory (ROM) 1020 and/or other 
static storage device for storing static information and 
instructions for the processor 1010. 

[0044] A data storage device 1025 may also be coupled to 
the bus 1005 of the computer 1000 for storing information 
and instructions. The data storage device 1025 may include 
a magnetic disk or optical disc and its corresponding drive, 
?ash memory or other nonvolatile memory, or other memory 
device. Such elements may be combined together or may be 
separate components, and utiliZe parts of other elements of 
the computer 1000. 

[0045] The computer 1000 may also be coupled via the 
bus 1005 to a display device 1030, such as a liquid crystal 
display (LCD) or other display technology, for displaying 
information to an end user. In some environments, the 
display device may be a touch-screen that is also utiliZed as 
at least a part of an input device. In some environments, 
display device 1030 may be or may include an auditory 
device, such as a speaker for providing auditory information. 
An input device 1040 may be coupled to the bus 1005 for 
communicating information and/or command selections to 
the processor 1010. In various implementations, input 
device 1040 may be a keyboard, a keypad, a touch-screen 
and stylus, a voice-activated system, or other input device, 
or combinations of such devices. Another type of user input 
device that may be included is a cursor control device 1045, 
such as a mouse, a trackball, or cursor direction keys for 
communicating direction information and command selec 
tions to processor 1010 and for controlling cursor movement 
on display device 1030. 

[0046] Acommunication device 1050 may also be coupled 
to the bus 1005. Depending upon the particular implemen 
tation, the communication device 1050 may include a trans 
ceiver, a Wireless modem, a netWork interface card, or other 
interface device. The computer 1000 may be linked to a 
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network or to other devices using the communication device 
1050, Which may include links to the Internet, a local area 
network, or another environment. 

[0047] In the description above, for the purposes of eXpla 
nation, numerous speci?c details are set forth in order to 
provide a thorough understanding of the present invention. 
It Will be apparent, hoWever, to one skilled in the art that the 
present invention may be practiced Without some of these 
speci?c details. In other instances, Well-knoWn structures 
and devices are shoWn in block diagram form. 

[0048] The present invention may include various pro 
cesses. The processes of the present invention may be 
performed by hardWare components or may be embodied in 
machine-executable instructions, Which may be used to 
cause a general-purpose or special-purpose processor or 
logic circuits programmed With the instructions to perform 
the processes. Alternatively, the processes may be performed 
by a combination of hardWare and softWare. 

[0049] Portions of the present invention may be provided 
as a computer program product, Which may include a 
machine-readable medium having stored thereon instruc 
tions, Which may be used to program a computer (or other 
electronic devices) to perform a process according to the 
present invention. The machine-readable medium may 
include, but is not limited to, ?oppy diskettes, optical disks, 
CD-ROMs, and magneto-optical disks, ROMs, RAMs, 
EPROMs, EEPROMs, magnet or optical cards, ?ash 
memory, or other type of media/machine-readable medium 
suitable for storing electronic instructions. Moreover, the 
present invention may also be doWnloaded as a computer 
program product, Wherein the program may be transferred 
from a remote computer to a requesting computer by Way of 
data signals embodied in a carrier Wave or other propagation 
medium via a communication link (e.g., a modem or net 

Work connection). 

[0050] Many of the methods are described in their most 
basic form, but processes may be added to or deleted from 
any of the methods and information may be added or 
subtracted from any of the described messages Without 
departing from the basic scope of the present invention. It 
Will be apparent to those skilled in the art that many further 
modi?cations and adaptations may be made. The particular 
embodiments are not provided to limit the invention but to 
illustrate it. The scope of the present invention is not to be 
determined by the speci?c eXamples provided above but 
only by the claims beloW. 

[0051] It should also be appreciated that reference 
throughout this speci?cation to “one embodiment” or “an 
embodiment” means that a particular feature may be 
included in the practice of the invention. Similarly, it should 
be appreciated that in the foregoing description of eXem 
plary embodiments of the invention, various features of the 
invention are sometimes grouped together in a single 
embodiment, ?gure, or description thereof for the purpose of 
streamlining the disclosure and aiding in the understanding 
of one or more of the various inventive aspects. This method 
of disclosure, hoWever, is not to be interpreted as re?ecting 
an intention that the claimed invention requires more fea 
tures than are expressly recited in each claim. Rather, as the 
folloWing claims re?ect, inventive aspects lie in less than all 
features of a single foregoing disclosed embodiment. Thus, 
the claims are hereby expressly incorporated into this 

Mar. 31, 2005 

description, With each claim standing on its oWn as a 
separate embodiment of this invention. 

What is claimed is: 
1. A method comprising: 

producing a modulated signal, the modulated signal being 
modulated over a plurality of amplitude levels, includ 
ing at least a ?rst amplitude level, a second amplitude 
level and a third amplitude level, and over a plurality of 
time slots, including at least a ?rst time slot, a second 
time slot, and a third time slot, the modulated signal: 

transitioning from the ?rst amplitude level to the sec 
ond amplitude level in the ?rst phase slot, 

remaining at the second amplitude level in the second 
time slot, and 

transitioning from the second amplitude level to the 
third amplitude level in the third time slot; and 

transferring the modulated signal. 
2. The method of claim 1, Wherein the modulated signal 

is orthogonal. 
3. The method of claim 1, Wherein producing the modu 

lated signal further comprises remaining at the second 
amplitude level for a plurality of time slots. 

4. The method of claim 1, Wherein producing the modu 
lated signal further comprises: 

transitioning from the third amplitude level to the second 
amplitude level in a fourth phase slot, 

remaining at the second amplitude level in a ?fth time 
slot, and 

transitioning from the second amplitude level to the ?rst 
amplitude level in a siXth time slot. 

5. The method of claim 1, Wherein producing the modu 
lated signal further comprises transitioning from the third 
amplitude level to an amplitude level other than the ?rst 
amplitude level. 

6. The method of claim 1, Wherein a transition betWeen 
amplitude levels occurs over a plurality of time slots. 

7. The method of claim 1, Wherein transferring the modu 
lated signal comprises transmitting the modulated signal 
over a communication channel. 

8. The method of claim 1, Wherein transferring the modu 
lated signal comprises transferring the modulated signal 
over a bus. 

9. A method comprising: 

generating a modulated signal using a ?rst modulation 
mode and a second modulation mode, the ?rst modu 
lation mode having a plurality of different positions 
including at least a ?rst position, a second position, and 
a third position, the second modulation mode having a 
plurality of different positions, including at least a ?rst 
position, a second position, and a third position; 

the modulated signal transitioning from the ?rst position 
to the second position of the ?rst modulation mode 
While in the ?rst position of the second modulation 
mode; 

the modulated signal remaining in the second position of 
the ?rst modulation mode While in the second position 
of the second modulation mode; and 
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the modulated signal transitioning from the second posi 
tion to the third position of the ?rst modulation mode 
While in the third position of the second modulation 
mode. 

10. The method of claim 9, further comprising transfer 
ring the modulated signal over a communication channel. 

11. The method of claim 9, Wherein the ?rst modulation 
mode comprises signal amplitude. 

12. The method of claim 11, Wherein the second modu 
lation mode comprises signal phase. 

13. The method of claim 9, Wherein the modulated signal 
is orthogonal. 

14. The method of claim 9, Wherein the modulated signal 
further: 

transitions from the third position to the second position 
of the ?rst modulation mode While in a fourth position 
of the second modulation mode; 

remains in the second position of the ?rst modulation 
mode While in a ?fth position of the second modulation 
mode; and 

transitions from the second position to the ?rst position of 
the ?rst modulation mode While in a siXth position of 
the second modulation mode. 

15. The method of claim 9, Wherein the modulated signal 
further transitions from the third position of the ?rst modu 
lation mode to a position other than the second position of 
the ?rst modulation mode. 

16. The method of claim 9, Wherein a transition betWeen 
positions of the ?rst modulation mode occurs over a plural 
ity of positions of the second modulation mode. 

17. A method comprising: 

producing a modulated signal, the modulated signal, the 
modulated signal being modulated over a plurality of 
amplitude levels, including at least a ?rst amplitude 
level, a second amplitude level, and a third amplitude 
level, and over a plurality of phase slots, including at 
least a ?rst phase slot, a second phase slot, and a third 
phase slot, the modulated signal: 

transitioning from the ?rst amplitude level to the sec 
ond amplitude level in the ?rst phase slot, 

remaining at the second amplitude level in the second 
time slot, and 

transitioning from the second amplitude level to the 
third amplitude level in the third time slot; 

transferring the modulated signal; 

receiving the modulated signal; and 

demodulating the modulated signal. 
18. The method of claim 17, Wherein the modulated signal 

is orthogonal. 
19. The method of claim 17, Wherein the modulated signal 

remains at the second amplitude level for a plurality of phase 
slots. 

20. The method of claim 17, Wherein the modulated signal 
further transitions from the third amplitude level to the ?rst 
amplitude level in a fourth phase slot. 

21. The method of claim 17, Wherein the modulated signal 
further transitions from the third amplitude level to the 
second amplitude level in a fourth phase slot, remains at the 
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second amplitude level in a ?fth phase slot, and transitions 
from the second amplitude level to the ?rst amplitude level 
in a siXth phase slot. 

22. The method of claim 17, Wherein the modulated signal 
further transitions from the third amplitude level to a level 
other than the ?rst amplitude level. 

23. The method of claim 17, Wherein a transition betWeen 
amplitude levels occurs over a plurality of phase slots. 

24. A method comprising: 

obtaining a data signal; 

modulating the data signal to form a modulated signal, the 
modulated signal being one of a plurality of modulated 
signals, the plurality of modulated signals being modu 
lated over amplitude levels, including at least a ?rst 
amplitude level, a second amplitude level, and a third 
amplitude level, and over phase slots, the plurality of 
modulated signals comprising: 

a signal that: 

transitions from the ?rst amplitude level to the second 
amplitude level in one of a ?rst plurality of phase 
slots; and 

transitions from the second amplitude level to the ?rst 
amplitude level in one of a second plurality of phase 
slots; and 

a signal that: 

transitions from the ?rst amplitude level to a third 
amplitude level in one of the ?rst plurality of 
phase slots; or transitions from the ?rst amplitude 
level to the second amplitude level in a ?rst slot of 
the ?rst plurality of phase slots, remains at the 
second amplitude level for a second slot of the ?rst 
plurality of phase slots, and transitions from the 
second amplitude level to the third amplitude level 
in a third slot of the ?rst plurality of phase slots; 
and 

transitions from the third amplitude level to the ?rst 
amplitude level in one of the second plurality of 
phase slots; or transitions from the third amplitude 
level to the second amplitude level in a ?rst slot of 
the second plurality of phase slots, remains at the 
second amplitude level for a second slot of the 
second plurality of phase slots, and transitions 
from the second amplitude level to the ?rst ampli 
tude level in a third slot of the second plurality of 
phase slots. 

25. The method of claim 24, Wherein the modulated signal 
is orthogonal. 

26. The method of claim 24, further comprising transfer 
ring the modulated signal from a ?rst unit to a second unit 
over a communication channel. 

27. The method of claim 24, Wherein the plurality of 
modulated signals further includes a signal that transitions to 
the third amplitude level, and then transitions from the third 
amplitude to a level other than the ?rst amplitude level. 

28. The method of claim 24, Wherein a transitioning 
betWeen amplitude levels occurs over a plurality of phase 
slots. 
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29. A device comprising: 

an output to a communication channel; and 

a signal generator to produce a modulated signal on the 
communication channel, the modulated signal compris 
ing: 
a ?rst modulation mode, the modulated signal having a 

plurality of possible positions in the ?rst modulation 
mode, and 

a second modulation mode, the modulated signal hav 
ing a plurality of possible positions in the second 
modulation mode; 

the modulated signal transitioning from a ?rst position to 
a second position in the ?rst modulation mode While in 
a ?rst position of the second modulation mode; 

the modulated signal remaining in the second position in 
the ?rst modulation mode While in a second position of 
the second modulation mode; and 

the modulated signal transitioning from the second posi 
tion to a third position in the ?rst modulation mode 
While in a third position of the second modulation 
mode. 

30. The device of claim 29, Wherein the ?rst modulation 
mode comprises signal amplitude. 
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31. The device of claim 30, Wherein the second modula 
tion mode comprises signal phase. 

32. The device of claim 29, Wherein the modulated signal 
is orthogonal. 

33. A system comprising: 

a communication channel; 

a ?rst device to transfer a modulated signal over the 
communication channel, the modulated signal: 

transitioning from a ?rst amplitude level to a second 
amplitude level in a ?rst phase slot, 

remaining at the ?rst amplitude level in a second time 
slot, and 

transitioning from the second amplitude level to a third 
amplitude level in a third time slot; and 

a second device to receive the modulated signal over the 
communication channel. 

34. The system of claim 33, Wherein the modulated signal 
is orthogonal. 

35. The system of claim 33, Wherein the modulated signal 
remains at the ?rst amplitude level for a plurality of time 
slots before transitioning to the second amplitude level. 

* * * * * 


